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FABRICATION OF AN EPITAXIAL LAYER DIODE 
IN ALUMINUM NITRIDE ON SAPPHIRE 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured 
and used by or for the Government for governmental 
purposes without the payment of any royalty thereon. 

BACKGROUND OF THE INVENTION 

The present invention relates broadly to epitaxial 
layer diodes, and in particular to an ultraviolet light 
emitting diode array in aluminum nitride on a sapphire 
base. 

In the prior art, semiconductor circuits usually uti 
lized as a base a slice of single crystal silicon, more or 
less circular, about 2 in. in diameter, and a fraction of an 
inch thick. Typically, this material is doped with p-type 
impurities. A ?lm of semiconductor, less than 1/1000 in. 
thick, is then grown upon this substrate in a vapor-phase 
reaction of a silicon-containing compound. The condi 
tions of this reaction are such that the ?lm maintains the 
single-crystal nature of the substrate. Such ?lms are 
called epitaxial. By incorporating n-type impurities into 
the gas from which the ?lm is grown, the resulting 
epitaxial ?lm is made n-type. 
The silicon slice is then placed into an oxygen atmo 

sphere at high temperatures (1200° C). The silicon and 
oxygen react, forming a cohesive silicon dioxide ?lm 
upon the surface of the slice that is relatively impervi 
ous in the electrically active impurities. 
To form the particular semiconductor regions re 

quired in the fabrication of electronic devices, however, 
p and n-type impurities must be introduced into certain 
regions of the semiconductor. In the planar technology, 
this is done by opening windows in the protective oxide 
layer by photoengraving techniques, and then exposing 
the slice to a gas containing the appropriate doping 
impuritiy. In the case of an integrated circuit, the isola 
tion regions — p-type regions which, together with the 
p-type substrate, surround the separate pockets of the 
n-type ?lm — are formed ?rst by the diffusion of a 
p-type impurity. This is followed by a shorter exposure 
to p-type impurities during which the base region of the 
transistors and the resistors are formed. This procedure 
is repeated until the desired elements and a particular 
circuit con?guration is ?nally established. 

SUMMARY 

The present invention utilizes a sapphire (A1203) 
substrate base upon which is grown an array of ultravio 
let light emitting diodes. The sapphire substrate is sput 
tered with aluminum nitride (AlN) at the points at 
which the diodes are to be grown. The sputtered sub 
strate is then placed in contact with an aluminum nitride 
(AlN) source in an atomosphere containing a combina 
tion of hydrogen, H2 and nitrogen, N2. The aluminum 
nitride layers are grown in this environment when heat 
is applied. 
These and other advantages, objects and features of 

the invention will become more apparent from the fol 
lowing description taken in connection with the illustra 
tive embodiment in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is schematic diagram of the diode-forming 
apparatus in accordance with the present invention, 
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2 
FIG. 2 is an isometric view of an ultraviolet light 

emitting diode array, and, 
FIG. 3 is a graphical representation of the diode light 

output with respect to wavelength. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, there is shown a diode 
forming apparatus for fabricating an ultraviolet light 
emitting diode array on a sapphire substrate base. A 
sapphire (A1203) substrate 10 is sputtered with a thin 
layer (0.2 to 2 mils) of aluminum nitride (AlN), 12 prior 
to being placed in the diode-forming apparatus. The 
sapphire base 10 with the aluminum nitride 12 sputtered 
thereon is placed with the aluminum nitride side facing 
down onto a sintered aluminum nitride source 14. The 
tungsten heater 16 has a cavity therein formed to ac 
commodate the sintered aluminum nitride source 14. 
The tungsten heater 16 is connected to a 110 VAC 
power source 18. The sapphire substrate 10 is covered 
with a thin tungsten re?ector 20 which is also covered 
with an insulating material 22, such as carbon felt or 
some other suitable insulating material. 

Prior to the application of power to the tungsten 
heater 16, the entire apparatus and elements are placed 
in an enclosed chamber 24 with a controlled environ 
ment. The inside of the chamber 24 is ?lled with a gas 
atmosphere of hydrogen, H2 and nitrogen, N2. The ratio 
between the gases is maintained at 90% hydrogen and 
10% nitrogen during the entire process of growing the 
aluminum nitride layers on the sapphire base. Power is 
applied to the tungsten heater 16 to raise the tempera 
ture within the chamber 24 to 1800° C. During this 
heating process, material from the aluminum nitride 
source 14 is transferred to the sputtered aluminum ni 
tride 12 to form layers of aluminum nitride on the sap 
phire base 10 which is conductive at room temperature 
when electrically excited. The ultraviolet light emitting 
diodes are formed by alloying small aluminum dots near 
each other on the pyrolytically grown aluminum nitride 
layers. In the present process, with care being taken in 
slowly heating and cooling the elements, the growth 
does not tend to crack due to differences in thermal 
coef?cients of expansion as in the case of tungsten sub 
strates. Should crack occur, it tends to be in the sap 
phire rather than the aluminum nitride. The use of sap 
phire is also compatible with other technologies such as 
silicon or sapphire and offers the possibility of making 
arrays of small closely spaced sources, such as would be 
useful in printing and display applications. 
Turning now to FIG. 2, there is shown an ultraviolet 

light emitting diode array connected to a DC. voltage 
source 30. The ultraviolet light emitting diode array 
comprises a sapphire substrate 32, an area of sputtered 
aluminum nitride 34, a layer of vapor-grown aluminum 
nitride 36, and a plurality of alloyed aluminum data 38. 
The adjacent dots are connected to the DC. voltage 
source 30 and light 40 is emitted most brightly from the 
vicinity of the negatively poled contact. The sapphire 
substrate 32 is quite transparent to the radiation. Other 
metals may be used for the positive contact, such as 
titanium or silicon or chromium. 

In FIG. 3 there is shown a graphical representation of 
the radiation which is emitted from the present ultravio 
let light emitting diode array. The light spectrum of a 
typical ultraviolet light emitting diode array has a peak 
light output of apporximately 3500A° and extends to 
2200A° in the ultraviolet region. Thus, it may be seen 
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that an array of diodes which have thus been con 

structed, have the capability of emitting ultraviolet 
radiation. 
Although the invention has been described with ref 

erence to a particular embodiment, it will be understood 

to those skilled in the art that the invention is capable of 

a variety of alternative embodiments within the spirit 
and scope of the appended claims. 

What is claimed is: 
1. A method of making a light emitting diode array 

comprising the steps of: 
sputtering aluminum nitride onto a sapphire substrate, 
placing said sapphire substrate in contact with a 

source material of aluminum nitride in a gaseous 

environment of a predetermined ratio, 
heating said sapphire substrate and said source mate 

rial to a predetermined temperature, 
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4 
depositing said source material onto said sapphire 

substrate to a predetermined thickness to form a 
layered surface, and 

alloying a plurality of conductive dots onto the sur 
face of said layered surface in a predetermined 
con?guration. 

2. A method of making a light emitting diode array as 
recited in claim 1 wherein said gaseous environment 
comprises hydrogen and nitrogen. 

3. A method of making a light emitting diode array as 
recited in claim 1 wherein said predetermined ratio 
comprises 90% hydrogen and 10% nitrogen. 

4. A method of making a light emitting diode array as 
recited in claim 1 wherein said predetermined tempera 
ture equals l800° C. 

5. A method of making a light emitting diode array as 
recited in claim 1 wherein said source material com 
prises sintered aluminum nitride. 

6. A method of making a light emitting diode array as 
recited in claim 1 wherein said conductive dots com 
prise aluminum. 

‘! i i i i 


